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ABSTRACT 
 
Objective: To evaluate the effect of different condensation techniques on their flexural strength 
(FS) and compressive strength (CS) of different composite-resin restoration, to evaluate the effect 
of different condensation techniques and different curing durations on the level of cure of different 
composite resins at different depths. 
 
Methods:  Three manipulation instruments were tested: SonicFill (Kavo), ET 3000 (Brasseler) 
and Hand Condenser. Two different composite-resins were tested: Filtek Supreme Ultra (3M 
ESPE), SonicFill (Kerr). For compressive strength (CS), Cylinder-shaped specimens (N=10/group) 
measuring 4×6 mm were prepared. For flexural strength (FS), rectangular bars measuring 2×2×25 
mm (N=10/group) were prepared. For level of cure, Cylinder-shaped specimens (N=27/ each 
composite) measuring 4×6 mm formed in Teflon molds and cured for three light curing durations 
(10, 20, 40 seconds) photocured with Bluephase 16i (ivoclar vivadent) that generate light intensity 
of 1350 mW/cm2 were prepared.  All specimens were stored in water at 37 C° for 24 hours prior 
to testing. Specimens were tested for the flexural and compressive strength in an Instron machine.  
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Vickers microhardness Test (Micromet 2003, Buehler) for the level of cure. Measurements were 
taken at 6 different depth levels from the top: 0.1, 2, 3, 4, 5 and 6 mm. Four indentations were 
recorded at each level. A total of 24 measurements for the level of cure were taken for each 
specimen.  
 Data were analyzed using ANOVA and multiple comparison tests. 
Results: Two-way ANOVA indicated a significant difference in the compressive strength 
between the two types of composites and the three different condensation techniques (P<0.0001). 
The (3M) composite recorded significantly higher compressive strength by approximately 39% vs. 
SonicFill composite (P<0.0001). By using the SonicFill Handpiece it increases the compressive 
strength of the (SonicFill) composite by 20%. Also, there is significant difference in the flexural 
strength between the two types of composites as the SonicFill composite recorded higher flexural 
strength by 34% vs. (3M) composite (P<0.0001). But there is no significant difference in the 
flexural strength between the three condensation techniques at (P>0.05). 
Moreover, this study investigated the effect of different condensation techniques and curing 
duration on the increase in the microhardness of composites and significance was recorded at 
different depth levels of the composite specimens (p value<0.05). 
Conclusions: The following were drawn: 
•  The type of composite can increase significantly the material’s compressive strength and 
flexural strength. While the condensation techniques significantly increases only the 
compressive strength.  
•  Curing time had significant effects on the microhardness of both composites (P< 0.0001). 
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• The condensing method had significant effects on the microhardness of SonicFillTM 
composite (P= 0.0001), but had no significant effects on the microhardness of Filtek 
Supreme Ultra composite (P= 0.1111).   
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Chapter 1: Introduction 
 
 
 
1.1 Restorative Dental Composites Background 
 
 
Composite resin was first introduced in the 1960’s as an alternative to acrylic resins for esthetic 
dental restorations (1). During the last decades, resin-based composite materials were optimized 
with a special focus on amalgam replacement (2)(3). Resin composites are today the first treatment 
option of choice for cavitated carious lesions (4). 
The composite resin materials consisted of resin matrix, fillers and coupling agents. The resin 
matrix contained mainly highly viscous Bis-GMA monomers that were mixed with short chain 
monomers such as TEGDMA (5). Some researcher mentioned that the higher the proportion of the 
TEGDMA and the lower Bis-GMA, the more polymerization shrinkage occurred (6). Yet, other 
studies explained that replacing Bis-GMA with TEGDMA increased the tensile and lowered the 
flexural strength (7). 
Also, many researchers have found that the presence of fillers in the composite resins affects the 
qualities of the specific composite. The more the filler content in the composite resin the higher 
the composite’s flexural strength and microhardness value, Yet a controversy arose when other 
studies mentioned lack of a possible relationship between the filler content of the composites and 
its flexural strength and flexural modulus (8,9). 
 
Thus resin composite restorative materials have considerable improvements in their chemical 
composition and filler reinforcements over the past years (10). Newly fabricated resin composites 
with modified chemical composition called “bulk fill composites” have been introduced into the 
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market. The practicality of the new material is in claiming that it can be light-cured in up to 4 mm 
thickness at once which will minimize the clinical application time compared to regular composite 
with which placement and curing of 2 mm increment thickness is required (11).  
To fully understand the rheology of these materials one must first understand the different types 
of bulk-fill resin composites available on the market.  
There are three types of bulk-fill resin composites:  
1) A flowable-consistency type designed for easy placement in an approximal box of class II 
cavity and on the floor of a cavity. These materials must be covered with a regular 
microhybrid or nanohybrid resin composite. 
2) A high-viscosity type where the consistency is comparable to regular microhybrid or 
nanohybrid composites and the material is placed in bulk increments up to 4 mm in depth 
and is designed to be cured to that depth. Example of product in this category: Filtek™ 
Supreme Ultra Bulk Fill Composite (3M ESPE). 
3) A high-viscosity, sonic-activation type which delivers the composite into the cavity in a 
flowable form. Once the sonic activation is ceased the material returns to a consistency 
suitable for sculpturing. Example of product in this category; SonicFill™ Sonic-Activated, 
Bulk Fill Composite (Kerr). 
A huge variation in the size, shape and constitution of filler particles can be observed in the 
different commercial resin composites, even for those of the same category or from the same 
manufacturer (12). 
Historically, composite resin restorations have been developed for use in areas of minimal stress 
(13). However, increased demand has led to a greater use of these restorations on posterior teeth, 
where considerable mechanical challenges occur during function (14). Thus, in order to withstand 
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the mechanical stress generated by biting forces, some companies add modifications on composites 
in their filler particle size and morphology. Higher percentage of inorganic reinforcing filler has 
resulted in improved mechanical properties (15). 
However, as the maximum filler volume is about 70%, overloading can result in poor handling 
characteristics and technical difficulties, such as decreased wettability (16). Filler content not only 
directly affects the mechanical properties of composite resin but also allows for: a reduction in 
monomer content, improves handling properties, influences wear resistance, translucency, 
opalescence, radiopacity, intrinsic surface roughness, and polishability (8). 
 
A recent development with methacrylate-based composites is called nanocomposites (containing 
nanoscale particles and nanohybrids) which contain a mixture of nanoscale particles and larger 
particles (17). The manufacturers of these nanocomposites claim that they combine the mechanical 
strength of hybrids and the superior polishabiliy of microfills, in addition to high wear resistance 
and reduced polymerization shrinkage (18). Other claims suggest that a 6 mm depth of cure can 
be achieved with the new bulk fill composites (19). Nevertheless, there is still a shortage in 
published literature confirming these claims (11). 
 
Therefore, it is very important to study the physical and mechanical properties of new resin 
composites. 
 In the present study, a surface microhardness was used to assess the depth of cure of different bulk 
fill resin composites and condensing them with three different application condensation methods.   
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1.2 Literature Review  
 
 
 
1.2.1 Condensing Method 
 
 
The ultimate challenge in dentistry today is quick, economic dentition restoration and should have 
close characteristics to natural tooth structure as for its optical and mechanical properties (Wang 
2003). Alterations in dental restorative treatment patterns, combined with the introduction of new 
and improved restorative materials and techniques for condensing the composite resins, affect the 
longevity of dental restorations (20). Marked changes in the condensing method of composite resin 
restorative materials have occurred during the past 10 to 20 years (20,21).  
 
Recent literature displays a new trend in composite resin restorative materials with a reduced 
number of increments in order to save chair time along with a less stressful and more predictable 
outcome (22). Negative consequences, such as gaps and voids in the restoration, can arise with the 
application of thick increments of restorative resin composites, if it is not manipulated carefully 
(23,24).  
Recent enhancements in the application and condensation of composite resins were invented to 
attain a low polymerization shrinkage that allows the composite resin to be placed as a bulk while 
achieving good adaptation to cavity walls (25). Since for the average clinician, the ideal composite 
resin material would be viscous enough to facilitate placement but flowable enough for adequate 
marginal adaptation (26).  
For that reason, the resin composite, SonicFill™ (Kerr Corporation, Orange, CA, USA), was 
recently introduced in the market. SonicFill™ (Kerr Corporation) claims to fulfill these criteria. 
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This new advancement in resin technology addresses the technique-sensitive aspects of posterior 
composite dentistry by applying sonic energy to a nano-filled composite resin. 
 It is indicated for use as bulk fill in posterior composite restorations and manufacturer claims that 
it can be bulk filled in layers up to 5mm in depth due to reduced polymerization shrinkage. 
SonicFillTM incorporates an 84% highly-filled proprietary resin with special modifiers that react 
to sonic energy. The manufacturer claims when sonic energy is applied through the handpiece, the 
modifier causes the viscosity to drop (up to 87 %), increasing the flowability of the composite 
enabling quick placement and precise adaptation to the cavity walls. Although liquefaction doesn't 
reach a flowable consistency, the vibration causes intimate adaptation to cavity walls so no 
flowable liner is needed. When the sonic energy is stopped, the composite returns to a more viscous, 
non-slumping state that is perfect for carving and contouring. Also they are claiming that its 
nonstick, nonslumping consistency, core buildups with SonicFill are fast, easy, well adapted, 
aesthetic, and strong (27). 
 
In addition to adaptation challenges, all modern composite resins exhibit some degree of stickiness 
(28),  resulting in a frustrating phenomenon commonly referred to as "pull-back." In an attempt to 
overcome this, many practitioners utilize instruments designed to be "non-sticky" or, to the 
potential detriment of the restoration, dip their composite instrument in unfilled resin in to make it 
"slippery". Over the years, several vibrational devices have been tried in an effort to increase the 
flow of composite material (29,30). 
 
An oscillation device (ET 3000TM, Brasseler USA) has recently been developed that is claimed to 
significantly increase the flow of composite materials while eliminating composite stickiness/ pull-
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back. The success of the oscillating composite placement device is due to the basic difference 
between vibration and oscillation. 
Vibration is a trembling, shaking or quivering motion which is usually uncontrolled and might be 
in several directions. Oscillation is a steady or regular back-and-forth movement in a predictable 
and regular pattern. 
 
The ET 3000 oscillating composite manipulation instrument is said to effectively address the issues 
of stickiness and lack of flow when working with composite resins. Using a specific frequency 
and range, “tug back” and stickiness of composite resins is eliminated. It reportedly increases the 
flow of composite resins by up to 30%, improving the ability to achieve the desired cavity 
adaptation and surface anatomy. It is a high-speed handpiece that is lightweight, cordless, portable 
and has an extensive selection of titanium nitride-coated tips that mimic the shapes of the most 
popular composite placement instruments. 
 
Unfortunately, for both devices there is very limited laboratory research of the effects of sonication 
and oscillation on the mechanical and physical properties of composites after polymerization. 
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1.2.2 Level of Cure of Composites 
 
 
The idea of placing a self-adapting material as bulk composite resin, saving time as well as 
improving material handling, is of great interest. The level of cure of visible light curing composite 
resins has been the subject of several investigations (31,32). 
In fact, insufficient polymerization of composite resin would lead to reduction of the physical and 
mechanical properties of the resin and adverse biological reactions owing to the leaching of the 
monomeric components in the uncured resin composite (33). Studies have stated that 2 mm is the 
most suitable increment thickness that can lead to an efficiently cured composite resin when light 
activated for 40 seconds (34,35). 
Thus, to attain proper polymerization beyond 2 mm thickness, while maintaining the integrity of 
the composite resin, was a challenge (36). 
Light-curing composite resins involve visible light activated photopolymerization of 
dimethacrylate monomers that form a highly crossed linked polymer by the activation of a 
chemical initiator within the composite resin.  
There are three stages for the photopolymerization reaction: initiation, propagation, and 
termination (37). 
The propagation is a reaction between the methacrylate and a polymeric radical; whereas, two 
radicals terminating each other by interaction refers to the termination reaction (37,38). 
Studies have mentioned that photoinitiator polymerization has great impact on controlling the 
polymerization reaction and allowing enough time for placement of the restorative material prior 
to the light curing (38). 
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A photoinitiator is a chemical compound that disintegrates, when exposed to light, into free 
radicals that are mainly used to initiate polymerization reaction. 
 
Photolysis is a reaction in which chemical bonds within a photoinitiator are broken by photons. 
These photons are necessary quanta in the electromagnetic emission that are considered the 
fundamental units of all electromagnetic radiations including light. 
 
One of the problems connected with photopolymerized resin composites is the depth of cure 
limitation and the possibility of insufficient monomer conversion at depth. Since 
photopolymerized resin composites were introduced, the degree of conversion was acknowledged 
as vital to the clinical success of these materials (39). 
 
Among the factors that influence the level of cure of composite resin are “exposure time and 
intensity of the light curing device” and “increment thickness , shade and translucency for the 
composite resin” (40,41). 
 
Also it has been mentioned, regarding the association between the shade and value of cure, that 
composite resin shade might have an influence on the level of cure. Lighter shades attain higher 
Vickers hardness values at a lesser light curing intensity than darker ones that need higher light 
curing intensity at shallower depth of the composite specimen due to the light transmittance of the 
composite (40,42,43). 
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Hardness is defined as the resistance of a material to indentation or penetration. Surface hardness 
is one of the most important physical characteristics of dental materials. Hardness is related to a 
material’s strength, proportional limit, and ability to abrade or to be abraded by contralateral 
dental structures/materials (44). Vickers and Knoop hardness measurements have been described 
as methods to evaluate the level of cure of composite resins (45,46).  
 
The surface microhardness of resin composites has been used to evaluate the extent of 
polymerization, and also the efficiency of the light cure unit (47,48). As a result of reduced light 
irradiance passing through resin composites, the degree of conversion decreases with increasing 
depth (47). 
 
Microhardness relates to the level of cure and is used for its simplicity in its application; a percent 
of cure value can be attained by measuring the ratio of the hardness value at bottom to that at top 
of the light activated specimen and the attained commonly agreed upon value is 80% (49–52). 
Also, it was noted that the surface hardness is not a reliable indicator for the level of cure as much 
as the depth of cure itself, when assessing the degree of cure by relating the hardness value at the 
bottom of the specimen at 6 mm to the top (0.2-1.5 mm) rather than 0.1 mm (45,53,54). 
 
There are various methods for light curing composite resins such as stepped, ramped, pulsed-
delayed, and traditional techniques in order to attain higher level of cure composites, though in a 
few recent studies none of them have shown to be superior in attaining a higher level of cure 
(55,56). 
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Among the different techniques for measuring the value of the depth of cure of composite resins 
is the scrapping method that is measured per guidance of the International Organization for 
Standardization (ISO) 4049:2000.   
 
The ISO 4049:2000 guideline suggests that the visible light-activating device should attain a 
minimum intensity of 500-550 mW/cm2, and a spectral wavelength that ranges between 400-515 
nm. 
 
Hardness has been shown to correlate to polymerization (80% bottom-to-top hardness equals 90% 
carbon conversion). According to Bouschlicher MR et al opinion, this makes this method for 
determining depth of cure clinically relevant (52). 
 
It should be noted that if the composite specimens are made in a different mold material, a slight 
change in the value of the depth of cure might occur as mentioned in numerous studies (36,57).  
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1.2.3 Flexural Strength & Compressive Strength of Composites 
 
 
Composite resins are indicated for restoring anterior and posterior teeth. Advancements and new 
formulations have been formed to enhance their performance in posterior teeth and maintain the 
integrity of composite resins (58,59). One of the possible reasons for failure of composite resin 
restoration is inadequate polymerization (60,61).  
 
The performance of biomaterials is most often evaluated using laboratory tests. Restorative 
materials and teeth are generally subjected to both compressive and flexural forces, so flexural and 
compressive strength tests are very important to test and determine the mechanical properties of 
materials (62,63).  
 
Flexural strength and compressive strength tests are considered to be good indicators of the 
material resistance to fracture in normal masticatory conditions, taking in account the great 
variability in the results obtained between studies (64). 
 
Strength is an important property for a restorative material. It is dependent on the material's 
microstructure, composition, testing method, environment and failure mechanisms (65). Strength 
values are valuable when presenting information about the flaw ability of the material with 
potential to cause the failure of a restoration or prosthesis and thus, must be interpreted within a 
context that involves the analysis of failure and structural reliability, rather than an isolated result 
(65,66). The presence of structural defects in composite resins with potential to become critical 
defects, such as microcracks, grains or internal voids depends on the volume of the material 
structure (67,68). 
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Flexural strength characterizes the ability of a material to resist change and deformation when a 
bending force is applied (69). A high flexural strength has less likelihood of degrading in a high-
stress environment (like a class II restoration). Flexural strength is a meaningful mechanical 
property for brittle materials, although the results cannot be extrapolated to the clinical behavior 
without considering some aspects, like the flaw distribution (70) and structural reliability of the 
material (71). 
 
For restorations exposed to greater mechanical loads, the ideal minimum flexural strength is (90-
100 MPa) (72). In addition, a relatively high modulus is expected from posterior composite resin 
restorations to withstand the occlusal forces and preserve the adhesive interface (15). Flexural 
strength test are especially important if the material is used for Class I, II, or IV cavities, which 
are usually subjected to high forces (73). 
 
Studies observed a significant influence of filler rate and morphology on the flexural strength and 
flexural modulus, microhardness and fracture toughness of the composites evaluated. Also, they 
concluded after comparing different categories of composites, that the microfine composite, with 
the lowest filler content (40% in volume), presented the lowest flexural properties “strength and 
modulus” (9,74). 
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There are several methods to determine flexural strength, such as biaxial flexure test, but the three-
point bending test based on ISO specification no. 4049;2000 was preferred more in various studies 
due to the simplicity of the specimen and load application. Also, it showed a lower coefficient of 
variance, low standard deviation and less complicated crack distribution in comparison to the other 
methods of testing (14,74).  
 
Compressive strength has an important role in the mastication process since several of the 
masticatory forces are of a compressive nature; that’s why compressive strength is important when 
placing posterior composites in high-function areas that must be able to withstand large occlusal 
forces.  (62). Compressive strength indicates the ability of a composite to withstand occlusal forces 
and therefore the longevity of the restorative material.  
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1.3 Objectives 
 
 
The objectives of this study were: 
1) To evaluate the effect of new condensation techniques on the compressive strength and flexural 
strength of two different composite restorative materials. 
2) To evaluate the effect of different condensation methods and different curing durations on the 
level of cure of different composite resins at different depths. 
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Chapter 2: Materials and Methods 
 
 
 
2.1 Materials 
 
2.1.1 Composites: 
 
Two bulk fill resin composites were used in this study and evaluated: 
 1. Nanofilled composite: Filtek™ Supreme Ultra Bulk Fill Composite (by 3M ESPE). 
 2. Nanohybrid composite: SonicFill™ Sonic-Activated, Bulk Fill Composite (by Kerr).  
 
2.1.1.1 Filtek™ Supreme Ultra (3M ESPE) 
 
It is a nano-composite visible-light activated restorative material. It contains BisGMA (bisphenol-
A glycidyl-methacrylate), UDMA (urethane dimethacrylate), BisEMA (ethoxylated bisphenol-A 
dimethacrylate) with small amounts of TEGDMA (triethylene glycol dimethacrylate) resins.  
The filler is a combination of a non-agglomerated/non-aggregated, 20 nm silica filler, and loosely 
bound agglomerated zirconia/silica nanocluster which consists of agglomerates of primary 
zirconia/silica particles with size of 5-20 nm fillers. The cluster particle size range is 0.6 to 1.4 
microns. The filler loading is 78.5% by weight.  
It can be cured only by exposure to halogen or LED light –curing unit with wavelength spectra of 
400-500 nm and power density not less than 400 mW/cm2. Depth of cure as claimed from the 
manufacturer, is 2 mm for 20 seconds of light curing duration. 
The significant distinction between Filtek™ Supreme Ultra restorative and micro- and 
nanohybrids is that Filtek™ Supreme Ultra nanoparticles are formed in the nano size range and 
are not the result of a grinding process. Some nanoparticles of Filtek Supreme Ultra restorative are 
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fused into secondary structures called nanoclusters. The nanoclusters have a similar size range as 
fillers found in the hybrid composites, therefore they provide for high filler loading. 
Filtek™ Supreme (3M ESPE) Restorative is indicated for use in the following types of restorations 
as provided from the manufacturer:  
• Direct anterior and posterior restorations.  
• Sandwich technique with glass ionomer resin material. 
• Cusp buildup.  
• Core buildup.  
• Splinting.  
• Indirect anterior and posterior restorations including inlays, onlays and veneers. 
 
Filtek™ Supreme Ultra has a wide range of shades; in this study the body shade A2 was used. 
(Table 1) (Figure 1). 
 
 
 
 
 
Figure 1: Filtek™ Supreme Ultra Bulk Fill Composite (by 3M ESPE). 
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2.1.1.2 SonicFill™ (Kerr) 
 
The resin composite SonicFill™ (Kerr Corporation, Orange, USA) was recently introduced in the 
market; it is a nano-hybrid composite that is visible light cured. The light output has to exceed 550 
mW/cm2. The customized composite is provided in a Unidose tip. 
The resin contains; Ethoxylated bisphenol-A-dimethacrylate, BisphenolA-bis-(2-hydroxy-3-
methacryloxypropyl) ether, Triethyleneglycoldimethacrylate, 3-trimethoxysilylpropyl 
methacrylate. Filler system contains SiO2, Glass, oxide and chemicals.  
SonicFill™ incorporates about 84% of a highly-filled proprietary resin which is activated and 
inserted into a cavity using a sonic handpiece. Upon activating the air-driven handpiece, high 
frequency vibration lowers the viscosity of the specially formulated composite material (up to 87%) 
and rapidly extrudes it from the narrow diameter tip. Once the sonic energy is stopped the 
composite returns to a more viscous non-slumping state. 
The manufacturer claims that it has the benefits of flowable composite for placement, and the 
benefits of traditional incrementally placed composites for sculpting anatomy and durability. 
It is indicated for use on all cavity classes in posterior teeth. 
Manufacturer’s claims: 
• Effortless placement  
• Superior adaptation.  
• Easy contouring and sculpting without stickiness.  
• No need for 2 mm incremental layering.  
• No final capping layer required.  
• Depth of cure is 5mm for 20 seconds of light curing duration.(75,76)  
 
	 18	
SonicFill™ is available in the following shades: A1, A2, A3, B1. In this experiment, shade A2 has 
been used. (Table 1) (Figure 2). 
 
 
 
 
 
 
 
 
Figure 2: SonicFill™ Sonic-Activated, Bulk Fill Composite (by Kerr). 
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The materials names, specifications, indications and manufacturers are described in details in 
Table (1).  
 
Table 1: List of the tested Composites used throughout the experiment.   
 Filtek™ Supreme Ultra Bulk 
Fill by 3M ESPE 
 
SonicFill™ by Kerr 
 
Product name, 
Manufacturer 
 
Filtek™ Supreme Ultra, 3M 
ESPE,  
St. Paul, MN, USA 
 
SonicFill™ Kerr Corporation, 
Orange, CA/ USA 
 
Main composition 
 
Silane treated ceramic, silane 
treated silica, diurethane 
dimethacrylate (UDMA), 
bisphenol A polyethylene 
glycol diether dimethacrylate, 
bisphenol A diglycidyl ether 
dimethacrylate (BISGMA), 
silane treated zirconia, 
polyethylene glycol 
dimethacrylate, triethylene 
glycol dimethacrylate 
(TEGDMA), 2,6-Di-tert-butyl-
pcresol (BHT) 
 
Resin: Ethoxylated bisphenol-A-
dimethacrylate , BisphenolA-
bis-(2-hydroxy-3-
methacryloxypropyl) ether, 
Triethyleneglycoldimethacrylate, 
3-trimethoxysilylpropyl 
methacrylate  
Filler system: SiO2, Glass, 
oxide, chemicals 
 
Indications Direct anterior and posterior 
restorations. 
 
All cavity classes in posterior 
teeth. 
 
 
 
Inorganic 
Filler 
Size  4-20 nm 
 
It is not available by 
manufacturer 
 
% By 
weight 
78.5% 
 
83.5 % 
 
% By 
volume 
63.3 %  
 
It is not available by 
manufacturer 
 
Shade Used                   A2                      A2 
 All shades available in 2 g 
Syringes or 0.2 g Capsules  
 
0.3 g Unidose® (requires 
specific handpiece to dispense 
material) 
 
AUDMA: Aromatic urethane dimethacrylate.  
Bis-GMA: bisphenylglycidyldimethacrylate. 
UDMA: urethane dimethacrylate;  
TEGDMA: triethylene glycol dimethacrylate.  
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2.2 Instruments Used in This Experiment 
 
2.2.1 Condensation Instruments 
 
Each composite was condensed with three different methods of condensation. 
 
2.2.1.1 Hand Condensation (Conventional);  
 
Hand condensation was done using Thompson GTX™ titanium double end composite placement 
instrument with Red/Pink grips #12, Tactile Tone handle (Miltex by Integra). It is used to carry, 
place, condense and carve composite material in cavity preparation. The manufacturer claims that 
even the stickiest composite materials will not adhere to the smooth surface and it allows for exact 
contouring.  LOT# J2521 was used. (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Titanium double end composite placement instrument with Red/Pink grips #12, 
Thompson GTX™ (Miltex by Integra).  
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2.2.1.2 SonicFill™ Sonic-Activated Handpiece by Kerr 
 
 
SonicFill™ system is comprised of an adjustable sonic handpiece (Kavo, Biber- ach, Germany). 
The handpiece was used to automatically dispense rheologically matched composite filling 
materials contained in SonicFill Unidose tips into the cavity via the action of sonic energy. The 
SonicFill handpiece works at a frequency of 5–6 kHz and was connected to the turbine hose of the 
dental unit through a multi-flex coupling device.  
While maintaining the unidose tip in the preparation, the SonicFill resin volumetrically fills the 
cavity before being withdrawn. On removal of the SonicFill compule and corresponding sonic 
energy, the resin quickly returns to a more viscous form, allowing the placement of anatomical 
form and blending of the resin into the surrounding morphology. (Table 2) (Figure 4). 
 
Figure 4: SonicFill™ Sonic-Activated Handpiece by Kerr. 
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2.2.1.3 ET 3000™ Oscillating Composite Manipulation Instrument by 
Brasseler USA 
 
The ET 3000TM (Brasseler, USA) oscillating composite manipulation instrument is a lightweight 
and ergonomic device, using an oscillation motion that is said to effectively address the issues of 
stickiness and lack of flow when working with composite resins. 
Oscillation is a steady or regular back-and-forth movement in a predictable and regular pattern. 
Using this device with a specific frequency and range, “tug back” and stickiness of composite 
resins is eliminated. It reportedly increases the flow of composite resins by up to 30%, improving 
the ability to achieve the desired cavity adaptation and surface anatomy. 
 
In this experiment, we used a handpiece with amplitude of 1.5mm and a frequency of 65Hz.  
The manufacturer claims that the ET 3000TM create definite back-and-forth action to the composite 
material and can immediately reduce its viscosity, allowing it to flow much more freely. Also, 
because the oscillating placement blade strikes the material and withdraws so quickly, the material 
does not have time to adhere to the placement blade and therefore does not stick, thus pull-back is 
eliminated. 
 
It has a wide range of tips that can be used with the device; in this study TINPM medium round 
end plugger was used. (Table 2) (Figure 5). 
 
 
 
 
 
 
 
 
	 23	
 
 
Figure 5: ET 3000™ Oscillating Composite Manipulation Instrument by Brasseler USA. 
 
 
 
 
 
 
Table 2: Comparison between the SonicFillTM (Kerr) and the ET 3000TM (Brasseler) According to 
manufacturers. 
SonicFillTM (Kerr) ET 3000TM (Brasseler) 
Hand piece (attached to the dental unit). 
 
Cordless, rechargeable, battery driven device. 
 
Used only for posterior composites. 
 
Used for both anterior and posterior. 
 
Vibration action.  Allows fast and easy one-
step bulk filing, eliminates the chance of 
voids. 
 
Oscillating action is a steady & regular back-
and-forth action. Increases the flow of any 
composite material, reduces sticking and ‘tug 
back’. 
 
Utilizes single use tips, has one size shape of 
capsule. 
 
Utilizes interchangeable condensers (14 
shapes).  
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2.2.2 Light Cure Unit 
 
In this study the following light cure unit was used: 
 
Bluephase 16i (Ivoclar/Vivadent) 
 
A light emitting diode (LED) curing light, with an intensity of 1600 mW/cm2. 
It emits light with wavelength of 430-490 nm. It is powered by a lithium ion battery. The light 
probe tips are available in following diameters; 8, 10, and 13 mm; in this study, 8 mm one was 
used. 
It features three power programs: 
High Power: gives consistent intensity of 1600 mW/cm2 either for 5 or 10 seconds of time duration. 
It is useful for polymerization of direct restorations and cementation materials. This power mode 
was used in this study. 
Low Power: gives a reduced intensity of 650 mW/cm2 in the light curing durations of 5, 10, 15, 
20, and 30 seconds. It is useful for polymerization of bases, liners and adhesives near pulp. 
Soft Start: is gradual increase of intensity starting with 650 mW/cm2 for 5 seconds followed by 
1600 mW/cm2. It can be used for the following light curing durations: 5, 10 and 15 seconds. This 
intensity mode is used to lessen the shrinkage stress of direct restorative materials. This mode was 
also used in this study. 
This light-curing device has a built in radiometer in its base to measure the device intensity.  
(Figure 6). 
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Figure 6: Bluephase 16i LED Curing Unit (Ivoclar/Vivadent). 
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2.2.3 Radiometer 
 
Radiometer was used in this study to check the adequacy and consistency of a light curing source 
unit by monitoring the intensity of the emitted energy. 
The following radiometer was used: 
 
Ivoclar/Vivadent Radiometer 
It checks the light intensity of LED curing light using a circular light probe, using a built in sensor 
that takes the radiation surface into account. It measures light-curing intensities in the wavelength 
range 380-520 nm. It accommodates light probes with sizes ranging from 5-13 nm, and measures 
energy in mW/cm2. 
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2.3 Experiment 
 
Specimen Fabrication 
All materials were used per manufacturer’s recommendations, except for variables applied in this 
study, which will be mentioned appropriately. 
Condensing Filtek™ Supreme Ultra (3M ESPE) composite with three different condensation 
techniques: 
1. Hand Condensation used per the manufacturer’s recommendations. 
2. Oscillating (ET 3000TM Handpiece) used per the manufacturer’s recommendations. 
3. Sonicating (SonicFillTM Handpiece); 
To condense the Filtek™ Supreme Ultra (3M ESPE) with the SonicFillTM instrument, SonicFillTM 
compules were emptied and reloaded with the Filtek™ Supreme Ultra (3M ESPE). The compule 
tip was connected to the SonicFillTM handpiece to enable us to sonicate it. (Figure 7) (Figure 8). 
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Figure 7: SonicFillTM Composite Compules Were Emptied. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Emptied SonicFillTM Composite compules were reloaded with Filtek™ Supreme Ultra 
(3M ESPE) composite. 
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Condensing SonicFill™ (Kerr) composite with three different condensation techniques: 
1. Sonicating (SonicFillTM Handpiece) used per the manufacturer’s recommendations. 
2. Hand Condensation by modified gun dispenser. 
3. Oscillating (ET 3000TM Handpiece) by modified gun dispenser. 
 
A conventional composite dispenser gun was modified to extrude the SonicFillTM composite by 
mechanical action; after dispensing one group was condensed by conventional method and the 
other by ET3000TM Handpiece. (Figure 9) (Figure 10).  
 
 
 
 
Figure 9: Conventional Composite Dispenser Gun Modified to Extrude the SonicFillTM 
Composite. 
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Figure 10: Top view of the Conventional Composite Dispenser Gun Modified to Extrude the 
SonicFillTM Composite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	 31	
2.4 Methods 
 
2.4.1 Level of Cure Test 
 
Effect of Condensing Method on Curing level of The Two 
Composites at Different Curing Time through Microhardness 
Measurements 
 
Specimen Preparation 
 
For testing the level of cure of the materials, an opaque white Teflon mold, having a cylindrical 
hole measuring 4mm diameter Χ 8 mm height was used following ISO 4049. 
 
To get cylindrical specimens measuring 4mm diameter Χ 8 mm height, each composite resin group 
was placed into the Teflon mold  and condensed with three different condensation techniques 
already mentioned. They were covered with two glass plates (1 mm thickness) to serve as a support 
to obtain flat surfaces for the resin composite. Specimens were light cured according to the 
manufacturer’s instructions and were treated for four light curing durations (10, 20 and 40 seconds) 
for each composite tested with three condensation techniques. 
 
Twenty-seven cylindrical specimens were made for each composite tested. (Figure 11)  
(Figure 12). 
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Figure 11: Teflon mold to fabricate the cylindrical composite specimens. 
 
 
 
 
  
 
 
 
 
 
 
 
Figure 12: Light cured composite specimens after being removed from the mold. 
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Setup and Technique 
 
The composite resin was exposed to the assigned light curing durations (10, 20 and 40 seconds) 
and condensed with three different condensation techniques. For accuracy, the intensity of each 
light-curing unit was checked using a radiometer prior to and after usage for each specimen and 
the following intensity reading was collected in this study: Bluephase 16i (Ivoclar/Vivadent) “high 
& soft-start mode” 1200 mW/cm2. Specimens were pushed out of the Teflon mold. The length of 
the material was measured using a digital caliper with accuracy of 0.02 mm. 
Afterwards, the cylindrical specimens were glued onto a stainless steel mold. An Ecomet 3 Buehler 
was used to reshape and polish flat halves of the cylindrical specimens. Three discs with grit sizes 
of 15, 6, and 1 micron were used. (Figure 13) (Figure 14) (Figure 15). 
 
 
 
Figure 13: Composite specimens were reshaped and polished using Ecomet 3 (Buehler) 
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Figure 14: Composite specimens glued to stainless steel mold and ready to polish. 
 
 
 
 
 
 
Figure 15: Composite specimens glued to stainless steel mold after reshaping and polishing using 
the Ecomet 3 (Buehler). 
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Microhardness testing 
 
Microhardness was used as a measurement for the level of depth of cure.  
A baseline microhardness for each composite specimen was recorded using a Microhardness 
Tester (Micromet 2003, Buehler Ltd., Lake Bluff, IL) (Figure 16). Indentations were made using 
a Vickers indenter under 100 grams load for 25 seconds load time. (Figure 17).  
 
Measurements were taken at 6 different depth levels from the top: 0.1, 2, 3, 4, 5 and 6 mm. Four 
indentations were recorded at each level. A total of 24 measurements were taken for each specimen.  
 
The lengths of the indentations were measured in micrometers (µm), and was used by the 
instrument’s software to calculate the microhardness values (Vickers hardness number, VHN). 
Then the percent of cure for each specimen was calculated by the proportion of the microhardness 
at the level of 6 mm to 0.1 mm.  
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Figure 16: Micromet 2003, Buehler Ltd., Lake Bluff, IL. 
 
 
 
 
 
 
 
 
 
 
Figure 17: Vickers indentation made by the Micromet on the composite specimen. 
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2.4.2 Flexural Strength Test 
 
Effect of Different Condensation Techniques on the Flexural 
Strength of the two Composite Restorative Materials tested. 
 
Specimen Preparation 
 
Thirty rectangular bar shaped specimens were made for each composite according to ISO 
4049/2000 specifications, using a Teflon mold with dimensions of 2mm x 2mm x 25mm length. 
(Figure 18). 
Specimens were formed by compacting the composites (SonicFillTM and FiltekTM Supreme Ultra) 
and condensing by the three different condensation techniques, using a single increment into a 
Teflon mold that was then covered by microscopic glass slide of 1mm thickness. The glass slide 
was pressed on to the composite to get a flat surface and to remove the excess material.  
10 specimens from each group were Cured using Bluephase 16i (Ivoclar Vivadent) unit for 20 
seconds from each side. For accuracy, the intensity of light-curing unit was checked using a 
radiometer prior to and after usage for each specimen and the following intensity reading was 
collected in this study; Bluephase 16i (Ivoclar Vivadent) “high & soft-start mode” 1200 mW/cm2. 
After curing the specimens were removed from the Teflon mold. Excess material at the corners of 
each specimen was removed carefully using a scalpel blade and then specimens were stored in 
distilled water at 37 °C for 24 hours. 
Afterwards, dimensions were measured using a micrometer with the accuracy of 0.02 mm.  
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Figure 18: Light cured composite specimens after being removed from the mold with the 
dimensions of 25 mm x 2 mm x 2 mm. 
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Flexural Strength Testing 
 
Specimens were tested using a universal testing machine (5566A, Instron Corp. Canton, MA). Test 
was 3 Point Bend with a support span of 20 mm, at a crosshead speed of 0.5 mm/minute and a load 
cell of 1KN (Figure 19). Specimens were measured using a digital caliper with accuracy of 0.02 
mm to measure the width and height at break point.  
 
The flexural strength was calculated in megapascals (MPa) using the equation 
σ = 3FL/2BH2 
Where F is the maximum load in Newton, 
 L is the distance between the supports in millimeters, 
 B is the width of the specimen in millimeters,  
and H is the height of the specimen in millimeters. 
 
 
 
Figure 19: Composite specimen tested for flexural strength in an Instron machine (20 mm 
support span, crosshead speed of 0.5 mm/minute. 
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2.4.3 Compressive Strength Test 
 
Effect of Different Condensation Techniques on the Compressive 
Strength of the two Composite Restorative Materials tested. 
 
Specimen Preparation 
 
For testing the compressive strength of the materials, specimens were prepared according to 
American Dental Association (ADA) 27 specifications; an opaque white Teflon mold, having a 
cylindrical hole measuring 4mm diameter Χ 8 mm height, was used to form the specimens. 
Each composite resin group was placed into the Teflon mold and condensed with three different 
condensation techniques as previously mentioned. They were covered with two glass plates (1 mm 
thickness) to serve as a support to obtain a flat surface for the resin composite. Specimens were 
light cured according to manufacturer’s instructions for 20 seconds for each composite tested and 
condensed with three condensations techniques. 
Thirty cylindrical specimens were made for each composite tested. (Figure 11) (Figure 12).  
 
 
 
Compressive Strength Test 
 
Specimens were tested using a universal testing machine (5566A, Instron Corp. Canton, MA).  
Specimens were positioned at the center of a crosshead speed of 0.5 mm/minute and a load cell of 
1KN. Specimens were measured before testing using a digital caliper with accuracy of 0.02 mm 
to measure the diameter and height of the specimen. (Figure 20). 
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The compressive strength was calculated in megaPascals (MPa) using the equation 
σ = 4𝐿 #$%&' 
Where L is the maximum load in Newton, 
 D2 is the diameter in mm2, 
 and σ is megaPascals (MPa). 
 
 
 
 
 
 
Figure 20: Composite specimen tested for compressive strength in an Instron machine 
(crosshead speed of 0.5 mm/minute). 
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Chapter 3: Results 
 
3.1 Level of Cure Results  
 
Effect of Condensing Method on Curing level of The Two 
Composites at Different Curing Time through Microhardness 
Measurements 
 
 
Mean, standard deviation, and coefficient of variation for each group were calculated using Excel 
software 2010 for Windows. Data was analyzed by JMP pro 13 (SAS, Cary, NC) using repeated 
measures Two-way ANOVA, post hoc Tukey test and multiple comparison tests to compare the 
different means of the groups and to determine significance with a significance level of 0.05. 
Vickers microhardness results are shown for SonicFillTM Composite in Tables (3, 4, 5) and Figures 
(21, 22, 23). 
 Vickers microhardness results are shown for Filtek™ Supreme Ultra (3M ESPE) composite in 
Tables (6, 7, 8) and Figures (25, 26, 27). 
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SonicFillTM (Kerr) Composite Condensed with SonicFillTM 
Handpiece Microhardness Test Results 
 
 
Table 3: Shows mean and standard deviation of microhardness values of SonicFill™ Composite 
as a function of curing duration and depth condensed with SonicFillTM Handpiece. 
 HV100 at Depth Levels  
0.1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 
Curing 
Duration 
(Seconds) 
10s 100.2±2.83 99.9±1.68 96.4±1.77 94.5±2.82 93.23±2.56 88.2±2.3 
20s 100.7±2.10 99.5±1.90 98.8±1.80 98.2±2.7 96.6±2.08 93.7±2.7 
40s 101.3±2.32 100.4±1.53 98.5±1.9 97.8±2.2 97.5±1.9 95.7±1.8 
 
 
 
 
 
 
 
 
 
Figure 21: Bar graph showing mean and standard deviation of microhardness values of SonicFill™ 
(Kerr) composite as a function of depth condensed with SonicFillTM Handpiece. 
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SonicFillTM (Kerr) Composite condensed with ET 3000TM Oscillating 
Handpiece Microhardness Test Results 
 
 
 
Table 4: Table shows mean and standard deviation of microhardness values of SonicFill™ 
Composite as a function of curing duration and depth condensed with ET 3000TM Oscillating 
Handpiece. 
 
 HV100 at Depth Levels  
0.1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 
Curing 
Duration 
(Seconds) 
10s 95.7±1.9 93.9±1.4 93.1±1.57 92±1.72 90.7±1.9 87.6±2.6 
20s 98.3±2.1 98.3±1.6 96.6±2.2 94.7±2.35 93.9±2.2 91.6±3.3 
40s 99.2±2.4 98.7±1.7 97.01±3.2 95.1±2.04 93.9±2.01 91.2±2.01 
 
 
 
 
 
 
 
 
Figure 22: Bar graph showing mean and standard deviation of microhardness values of SonicFill™ 
(Kerr) composite as a function of depth condensed with ET 3000TM Oscillating Handpiece. 
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SonicFillTM (Kerr) Composite Condensed with Hand Condensation 
Microhardness Test Results 
 
 
Table 5: Table shows mean and standard deviation for microhardness values of SonicFill™ 
Composite as a function of curing duration and depth condensed with Hand condensation. 
 
 HV100 at Depth Levels 
0.1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 
Curing 
Duration 
(Seconds) 
10s 96.3±5.03 95.9±2.2 93.6±2.7 89.25±4.1 88.35±2.31 86.2±3.5 
20s 99.75±2.8 99.95±3.8 97.9±2.8 96.8±2.4 94.9±2.1 92.8±2.7 
40s 100.9±3.7 100.4±2.9 98.3±2.7 96.2±1.9 94.9±2.5 92.9±3.03 
 
 
 
 
  
 
 
 
 
Figure 23: Bar graph showing mean and standard deviation of microhardness values of SonicFill™ 
(Kerr) composite as a function of depth condensed with Hand Condenser. 
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Manova Fit Test Results 
 
 
Table 6: Table shows overall least squares means and standard deviation for Vickers 
microhardness values of SonicFill™ composite condensed with different condensation methods at 
different depth. 
 
Condensation 
Methods 
HV100 at Depth Levels (mm) 
0.1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 
ET 3000 95.72±1.7 93.89±2.4 93.1±2.1 92.01±1.9 90.69±1.9 87.59±2.3 
Hand 
Condensation 
  96.3±2.3 95.96±2.2 93.6±2.7 89.25±3.8 88.35±3.2 86.26±3.7 
SonicFill 
Handpiece 
100.2±0.7 99.89±0.7 96.4±1.4 94.47±1.8 93.23±2.2 88.21±3.6 
 
 
 
 
 
 
Figure 24: Graph showing comparison of overall least squares means for Vickers microhardness 
values of SonicFill™ composite condensed with different condensation methods at different 
depths. 
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Filtek™ Supreme Ultra (3M ESPE) Composite Condensed with 
SonicFillTM Handpiece Microhardness Test Results 
 
 
Table 7: Table shows mean and standard deviation of microhardness values of Filtek™ Supreme 
Ultra (3M ESPE) composite as a function of curing duration and depth condensed with SonicFillTM 
Handpiece. 
 
 HV100 at Depth Levels 
0.1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 
Curing 
Duration 
(Seconds) 
10s 101.2±3.6 100.9±4.06 97.6±2.9 95.6±3.05 87.8±4.2 84.3±2.8 
20s 107.9±3.6 107.3±2.4 107.2±3.15 102.02±4.9 92.82±5.3 88.3±4.9 
40s 106.4±2.5 104.3±4.6 102.1±4.6 101.9±3.1 100.9±9.3 96.9±5.22 
 
 
 
 
 
 
 
 
Figure 25: Bar graph showing mean and standard deviation of microhardness values of Filtek™ 
Supreme Ultra (3M ESPE) composite as a function of depth condensed with SonicFillTM 
Handpiece. 
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Filtek™ Supreme Ultra (3M ESPE) Composite condensed with     
ET 3000TM Oscillating Handpiece Microhardness Test Results 
 
 
Table 8: Table shows mean and Standard deviation for microhardness values of Filtek™ Supreme 
Ultra (3M ESPE) composite as a function of curing duration and depth condensed with ET 3000TM 
Oscillating Handpiece. 
 
 HV100 at Depth Levels 
0.1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 
Curing 
Duration 
(Seconds) 
10s 101.6±1.3 100±1.64 100.2±1.8 98.7±2.9 97.4±5.3 89.15±4.24 
20s 102.9±3.1 104.7±3.42 102±3.7 101.9±2.8 99.2±3.1 96.9±2.3 
40s 104.8±2.4 103.9±2.7 102.9±1.8 101.9±1.7 100.8±2.4 97.7±1.75 
 
 
 
 
 
 
 
 
Figure 26: Bar graph showing mean and standard deviation of microhardness values of Filtek™ 
Supreme Ultra (3M ESPE) composite as a function of depth condensed with ET 3000TM 
Oscillating Handpiece. 
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Filtek™ Supreme Ultra (3M ESPE) Composite Condensed with 
Hand Condensation Microhardness Test Results 
 
 
Table 9: Table shows mean and standard deviation for microhardness values of Filtek™ Supreme 
Ultra (3M ESPE) composite as a function of curing duration and depth condensed with Hand 
condensation. 
 HV100 at Depth Levels 
0.1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 
Curing 
Duration 
(Seconds) 
10s 101.1±1.5 101.6±1.6 99.4±1.9 97.3±2.6 95.2±4.7 88.1±4.5 
20s 104.5±3.8 103.1±2.5 103.8±4.3 101.8±3.3 99.6±6.8 95.4±3.7 
40s 105.2±2.8 105.9±3.8 103.3±2.5 101.6±1.6 100.6±1.6 98.2±2.2 
 
 
 
 
 
 
 
 
 
Figure 27: Bar graph showing mean and standard deviation of microhardness values of Filtek™ 
Supreme Ultra (3M ESPE) composite as a function of depth condensed with Hand Condenser. 
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Manova Fit Test Results 
 
 
Table 10: Table shows overall least squares means and standard deviation for Vickers 
microhardness values of Filtek™ Supreme Ultra composite condensed with different condensation 
methods at different depth. 
Condensation 
Methods 
HV100 at Depth Levels (mm) 
0.1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 
ET 3000 101.6±1.7 100±2.4 100±1.9 98.67±2.2 97.37±3.4 89.15±4.5 
Hand 
Condensation 
101.2±2.2 101.6±2.5 99.4±2.9 97.29±2.9 95.21±4.9 88.12±5.2 
SonicFill 
Handpiece 
101.3±3.6 100.9±4.2 97.6±4.6 95.64±3.6 87.79±8.2 84.31±5.9 
 
 
 
 
 
 
Figure 28: Graph showing comparison of total mean for Vickers microhardness values of Filtek™ 
Supreme Ultra composite condensed with different condensation methods at different depths. 
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Figure 29: Graph showing comparison of overall least squares means for Vickers microhardness 
values of both SonicFill™ and Filtek™ Supreme Ultra composites condensed with different 
condensation methods at different depths. 
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Ratio of Hardness 
 
Both Bulk Fill composites tested had 85% or more percent of cure when condensed with 
different condensation methods at different light curing durations time. 
It was measured by the ratio of the hardness value at bottom/top “6 mm/0.1” when the composite 
was condensed with different condensation methods at different light curing durations time.  
(Table 11). 
 
 
Table 11: Ratio of hardness at bottom of both SonicFill™ and Filtek™ Supreme Ultra composites. 
	
		
		
Ratio	of	Hardness,	%	
Curing	Time,	s	
10 20 40 
Composite Condensation 
Method 
Mean Std Dev Mean Std Dev Mean Std Dev 
Filtek Supreme 
Ultra 
  
  
ET3000 87.73	 3.86	 94.14	 0.82	 93.27	 1.08	
Hand Condensation 87.11	 4.57	 92.40	 1.96	 93.42	 2.01	
SonicFill handpiece 83.33	 1.99	 81.83	 0.10	 91.13	 2.48	
SonicFill 
  
  
ET3000 91.51	 1.23	 93.16	 1.79	 91.90	 0.31	
Hand Condensation 89.57	 2.47	 93.08	 0.96	 92.15	 2.24	
SonicFill handpiece 88.02	 1.57	 93.03	 1.54	 94.49	 0.12	
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Regression Test for The Curing Percentage at 6 mm effected by 
Composite Type, Condensation methods and Curing time 
 Whole Model 
Actual by Predicted Plot 
 
 
 
Figure 30: Displays predicted plot of the actual percentage of cure of both SonicFill™ and Filtek™ 
Supreme Ultra composites. 
 
 
Table 12: Displays evaluation of the effect of  composite type* condensation methods* Curing 
time. 
Source Npar
m 
DF Sum of 
Squares 
F 
Ratio 
Prob > 
F 
Composite 1 1 59.75529 13.933
5 
0.0007
* 
Condensation Method 2 2 48.54693 5.6600 0.0073
* 
Composite*Condensation Method 2 2 3.74662 0.4368 0.6495 
Curing Time, s 2 2 222.6003
2 
25.952
5 
<.0001
* 
Composite*Curing Time, s 2 2 34.73587 4.0498 0.0259
* 
Condensation Method*Curing Time, s 4 4 73.65442 4.2936 0.0061
* 
Composite*Condensation 
Method*Curing Time, s 
4 4 53.28776 3.1064 0.0270
* 
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Table 13: Connective letter report of the dependency of percentage of cure on composite type by 
Least Sq Mean Difference Post Hoc Tukey HSD. 
Level Sig. Least Sq Mean 
% 
SonicFill A  89.70 
Filtek Supreme Ultra  B 86.06 
* Levels not connected by same letter are significantly different. 
 
 
 
 
 
 
 
Table 14: Connective letter report of the dependency of percentage of cure on condensation method 
by Least Sq Mean Difference Post Hoc Tukey HSD. 
Level Sig. Least Sq Mean 
% 
ET3000 A  89.62 
Hand Condensation A  88.34 
SonicFill Handpiece  B 85.68 
* Levels not connected by same letter are significantly different. 
 
 
 
 
 
 
Table 15: Connective letter report of the dependency of percentage of cure on different light curing 
durations time by Least Sq Mean Difference Post Hoc Tukey HSD. 
Level Sig. Least Sq Mean 
% 
40s A  92.72 
20s A  91.27 
10s  B 87.88 
* Levels not connected by same letter are significantly different. 
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3.2 Flexural Strength Test 
 
Effect of Different Condensation Techniques on the Flexural 
Strength of Two Different Composite Restorative Materials. 
 
 
 
Data was processed using SPSS20.0. Means, standard deviations. Repeated measures Two-way 
ANOVA and post hoc Tukey test were performed to compare the different means of the groups 
and to determine significance. 
Statistical significance was considered if p value < 0.05. 
The results are shown in Figures (31, 32, 33) and Tables (16, 17). 
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SonicFillTM (Kerr) Composite Flexural Strength Test Results 
 
Test the flexural strength of SonicFillTM composite condensed with three condensation methods: 
1) SonicFillTM Handpiece. 
2) ET 3000TM Oscillating Handpiece. 
3) Hand Condensation. 
N= 10 Specimens of each group. 
 
 
Table 16: Table shows mean flexural strength (MPa) and standard deviation for SonicFillTM 
composite condensed with different condensation methods. 
 Mean Standard Deviation 
SonicFillTMComposite + SonicFillTM  160.2	 19.5	
SonicFillTM Composite + ET 3000TM 173.1	 15.5	
SonicFillTMComposite + Hand 
Condenser 
161.9	 23.4	
 
 
 
 
Figure 31: Bar graph showing mean flexural strength (MPa) and standard deviation of SonicFillTM 
composite condensed with different condensation methods.  
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Filtek™ Supreme Ultra (3M ESPE) Composite Flexural Strength 
Test Results 
 
Test the flexural strength of Filtek™ Supreme Ultra composite condensed with three Condensation 
Methods: 
1) SonicFillTM Handpiece. 
2) ET 3000TM Oscillating Handpiece. 
3) Hand Condensation. 
N= 10 Specimens of each group. 
 
Table 17: Table shows mean flexural strength (MPa) and standard deviation for Filtek™ Supreme 
Ultra composite condensed with different condensation methods. 
 Mean Standard Deviation 
3M Composite + SonicFillTM 123.3	 22.3	
3M Composite + ET 3000TM 111.9	 21.8	
3M composite + Hand Cond. 125.7	 29.7	
 
 
Figure 32: Bar graph showing mean flexural strength (MPa) and standard deviation for Filtek™ 
Supreme Ultra composite condensed with different condensation methods. 
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Two-way ANOVA indicated there is significant difference in the flexural strength between the 
two types of composites as the SonicFillTM composite recorded higher flexural strength by 34% 
vs. Filtek™ Supreme Ultra (3M ESPE) composite (P<0.0001). But there is no significant 
difference in the flexural strength between the three condensation techniques at (P>0.05). 
 
 
 
 
 
 
 
 
 
 
 
Figure 33: Bar graph showing comparison of mean flexural strength (MPa) and standard deviation 
for both SonicFillTM and Filtek™ Supreme Ultra composites condensed with different 
condensation methods. 
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3.3 Compressive Strength Test 
 
Effect of Different Condensation Techniques on the 
Compressive Strength of Two Different Composite 
Restorative Materials 
 
 
Data was processed using SPSS20.0. Means, standard deviations. Repeated measures Two-way 
ANOVA and post hoc Tukey test were performed to compare the different means of the groups 
and to determine significance. 
Statistical significance was considered if p value < 0.05. 
The results are shown in Figures (34, 35, 36) and Tables (18, 19). 
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SonicFillTM (Kerr) Composite Compressive Strength Test Results 
 
Test the compressive strength of SonicFillTM composite condensed with three Condensation 
Methods: 
1) SonicFillTM	Handpiece.	
2) ET	3000TM	Oscillating	Handpiece.	
3) Hand	Condensation.	
N= 10 Specimens of each group. 
Table 18: Table shows mean compressive strength (MPa) and standard deviation for SonicFillTM 
composite condensed with different condensation methods. 
 Mean Standard Deviation 
SonicFillTMComposite + SonicFillTM  308.2 19.6	
SonicFillTM Composite + ET 3000TM 216.1	 29.9	
SonicFillTM Composite + Hand 
Condenser 
279.9	 33.9	
 
 
 
Figure 34: Bar graph showing mean compressive strength (MPa) and standard deviation for 
SonicFillTM composite condensed with different condensation methods.  
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Filtek™ Supreme Ultra (3M ESPE) Composite Compressive 
Strength Test Results 
 
Test the Compressive Strength of Filtek™ Supreme Ultra composite condensed with three 
Condensation Methods: 
1) SonicFillTM Handpiece. 
2) ET 3000TM Oscillating Handpiece. 
3) Hand Condensation. 
N= 10 Specimens of each group. 
Table 19: Table shows mean compressive Strength (MPa) and standard deviation for Filtek™ 
Supreme Ultra composite condensed with different condensation methods. 
 Mean Standard Deviation 
3M Composite + SonicFillTM 369.02	 50.04	
3M Composite + ET 3000TM 358.5	 50.02	
3M composite + Hand Cond. 393.3	 34.4	
 
	
 
 
Figure 35: Bar graph showing mean compressive strength (MPa) and standard deviation for 
Filtek™ Supreme Ultra composite condensed with different condensation methods. 
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Two-way ANOVA indicated a significant difference in the compressive strength between the two 
types of composites and the three different condensation techniques (P<0.0001). The Filtek™ 
Supreme Ultra (3M ESPE) composite recorded significantly higher compressive strength by 
approximately 39% vs. SonicFillTM composite (P<0.0001). Using the SonicFillTM Handpiece 
increased the compressive strength of the SonicFillTM composite by 20% vs. condensing it with 
hand condenser. 
 
 
 
 
 
 
 
Figure 36: Bar graph showing comparison of mean compressive strength (MPa) and standard 
deviation for both SonicFillTM and Filtek™ Supreme Ultra composites condensed with different 
condensation methods.  
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Chapter 4: Discussion  
Direct posterior restorations play a significant role in dentistry. But achieving predictable and 
successful outcomes remains a main concern for practitioners, due to technique sensitivity and the 
numerous steps required for proper placement. Filling all of a tooth preparation with a composite 
at one time has obvious advantages for both patients and practitioners. 
The mechanical properties of restorative materials are significant indicators of success, in terms of 
withstanding masticatory and parafunctional forces. The mechanical properties and clinical 
performance of resin based composites are affected by different variables (77). 
It is generally assumed that the higher the filler loading, the higher the composite mechanical 
properties (78). 
Resin-based composites mechanical properties are mainly dependent upon their microstructure 
and composition. The microstructural characteristics involve the distribution of filler particles in 
the bulk, the morphology of these filler particles and the presence of pre-existing cracks and voids. 
These characteristics are directly related to the composition of the composite. 
Both composites tested in the present study had different filler particles content and morphology 
(Table 20) (Figures 37, 38, 39, 40). 
Table 20: Composition of composite resins (the information is from manufacturers brochures) 
Material Matrix Filler Filler 
Content (w) 
Filler Size 
SonicFillTM 
(Kerr) 
TMSPMA, 
EBPADMA, 
BisGMA, TEGDMA 
Glass, Oxide, 
chemicals,SiO2 
83.5 % N/A 
FiltekTM 
Supreme 
Ultra 
(3M-ESPE) 
BisGMA, UDMA, 
TEGDMA, and  
Bis-EMA 
Non-
agglomerated/non-
aggregated 20 nm 
Silica filler, 
Zirconia filler 
78.5% 0.6 – 10 mm 
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A 
B 
Figure 37: A. Displays SEM Image of (3M-ESPE) FiltekTM Supreme 
Ultra Composite displaying the filler particle morphology at 5000 
magnification. 
B. Displays SEM Image of (3M-ESPE) FiltekTM Supreme Ultra 
Composite displaying the filler particle morphology at 20000 
magnification. 
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A 
B 
Figure 38: A. Displays SEM Image of (Kerr) SonicFillTM Composite 
displaying the filler particle morphology at 5000 magnification. 
B. Displays SEM Image of (Kerr) SonicFillTM Composite displaying the 
filler particle morphology at 20000 magnification. 
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Figure 39: SEM Measurement of (3M-ESPE) FiltekTM Supreme Ultra Composite displaying the 
filler particle size and shape. 
 
 
 
 
Figure 40: SEM Measurement of (Kerr) SonicFillTM Composite displaying the filler particle size 
and shape. 
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The dimension of fillers was increased in many bulk-fill resin based composites for example; 
SonicFillTM composite, about 64% of its particle size is range from 1.53 ± 2.95 (µm). Thus, 
increasing particle size allow light scattering at the filler-matrix interface to reduced, allowing 
more light to penetrate the material and to better cure the composite in depth. 
Asmussen E et al.  observed that the variation of the BisGMA/TEGDMA/UEDMA ratio 
significantly affected the mechanical properties of the composite, suggesting that specific 
compositions should be developed according to the specific applications of the material (7). 
Moreover, Bis-GMA is said to be more hydrophilic (79) and consequently runs a higher risk of 
water uptake and degradation thus reducing the risk of discoloration (80). 
As a result, both composites tested in the present study are supposed to be less viscous because 
UDMA, TEGDMA, and ethoxylated EBPDMA form more flexible polymers. 
When comparing experimental composites with different types and contents of fillers, Lee et al. 
found  that viscosity of resin based composite increases when filler volume increases (81). 
Decreased viscosity is desirable for SonicFill™ flow to reach similar levels of flowability, as its 
filler content (83.5 % per weight) differs significantly from the filler content of FiltekTM 
Supreme Ultra bulk fill (78.5 % per weight). With increasing filler volume, the flexural strength 
and modulus as well as hardness improves (9,82).   
Microhardness is an indirect measure of the degree of conversion of a material. It provides useful 
information on the depth of polymerization (curing) when measured on the top and bottom surfaces 
of a specimen (83,84). It also indicates the material’s polishability and abrasion resistance. 
The polymerization efficiency of light-cured resin based composite can be assessed directly by 
measuring the degree of cure in the laboratory. The depth of cure can be increased by various 
initiator systems incorporated in bulk-fill RBCs (85). 
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Scougall-Vilchis et al. claimed that microhardness largely depends on the filler particles (size, 
weight, volume) as well as on the chemical composition of the RBC (86). 
 
In this study, both SonicFill™ and FiltekTM Supreme Ultra composites were tested their Vickers 
microhardness values as a function of depth, both composites were condensed with three different 
condensation techniques and polymerized for 10, 20 and 40 seconds of light curing durations. 
The Vickers microhardness value increased with an increase in the light curing duration for all of 
the composite resins tested in this study. Curing time positively affects the polymerization 
properties of bulk fill composites. Zorzin et al. recommended enhanced light curing of bulk fills 
in deep and large cavities (87). 
Both bulk fill composites tested had 85% or more percent of cure when condensed with different 
condensation methods at different light curing durations time. A study by Flury et al. investigated 
the influence of increment thickness on Vickers microhardness of four bulk fill resin composites  
and found that increasing the increment thickness resulted in decreased Vickers microhardness 
values for the conventional resin composites but remained constant for the bulk fill resin 
composites (88). 
The 85 % Hardness Vickers value presenting the percentage of the relation of bottom to top 
surface hardness to be 85 % for a properly cured composite (89). This concludes that both resin 
based composites tested may be placed in 4 mm bulks without a loss in relevant properties, like 
mechanical properties or degree of cure. 
When curing these composites, sufficient energy must be emitted to cure completely at 5 mm depth. 
The success of resin based composite depends on adequate curing light exposure (90). 
Several studies have pointed out the use of blue Light Emitting Diode (LED) technology and its 
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effect on mechanical and physical properties of composite resins (60). In fact, that’s the type we 
used in this study as the light curing unit.  
 
The efficiency of the light curing process may be dependent on the properties of the light-curing 
source and the individual composite resin (70). 
Also, it may be possible that, in composite resins, the maximum absorption wavelength of the 
photoinitiator is different than spectral distribution of the light-curing unit (91). 
To enhance efficient of the degree of curing most of the company added to their composite recently 
developed photoinitiators, including trimethylbenzoyl diphenylphosphine oxide and a dibenzoyl 
germanium derivative (Ivocerin; Ivoclar Vivadent, Amherst, NY, USA), were introduced as 
initiation boosters because of their ability to polymerize deeply and to regulate polymerization 
during curing of a material in bulk (92). 
Restorative materials and teeth are generally subjected to both compressive and flexural forces, so 
flexural and compressive strength tests are very important to test and determine the mechanical 
properties of materials (62,63). 
In addition, a material’s fracture-related properties are usually determined by flexural strength 
testing and are especially important if the material is used for Class I, II, or IV cavities, which are 
usually subjected to high forces (73). 
In dental research, to test the flexural strength and flexural modulus for composite resins, the three-
point bending test following the International Organization for Standardization (ISO) specification 
n. 4049/2000 is usually employed (74,93). 
The flexural bending test is widely recommended in studies for its ease of load application and 
simplicity in specimen fabrication (70). 
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There are various methods adopted in the literature for measuring the flexural strength; the three 
point bending test still remains the measurement of choice due to its lower coefficient of variation, 
lower standard deviation, and less complex crack distribution when compared to the other designs, 
such as the biaxial flexural test (74). Among the reasons for deterioration and failure of composite 
resins fracture is an important factor (94). 
 
The brittleness of composite resins may lead to a fracture with the presence of cracks under stress. 
Cracks may be produced by bubble formation while fabrication of composite or when it’s not 
condensed probably (95). 
The ISO literature specifies that 80 MPa is the minimum flexural strength for any polymer based 
restorative material (60). 
In this study, two bulk-fill composites were tested for the effect of different condensation methods 
on the flexural strength and compressive strength.  
It was observed in this study that both FiltekTM Supreme Ultra and SonicFillTM composites 
displayed no changes in flexural strength upon condensing them with different condensation 
methods.  
SonicFillTM composite has significantly higher flexural strength than 3M FiltekTM Supreme Ultra 
composite. This is in accordance with a study by Ibarra et al that compared the physical properties 
of SonicFillTM composite material to other bulk fill materials and concluded that SonicFill had a 
statistically significantly higher flexural strength value compared to the other bulk fill resin 
composite materials tested in that study (96). Different bulk fill resin composites with different 
filler content and consistency can have different flexural strength values; this is in agreement with 
a study by Goracci et al who compared the flexural strength of different bulk fill resin composites 
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and found that EverXPosterios and SonicFillTM had significantly higher flexural strength values 
than other resin composites tested (97). Also Kim et al. observed a significant influence of the 
filler content and morphology of the particles on the flexural strength and modulus, microhardness 
and fracture toughness of the composites evaluated (98). In this study SonicFillTM composite had 
a statistically significantly higher flexural strength values compared to FiltekTM Supreme Ultra 
composite since SonicFillTM composite has higher filler content.  
A variation was observed in the compressive strength test of the SonicFillTM composite when 
condensing it with different condensation methods. Hand condensation and SonicFillTM Handpiece 
increased compressive strength values compared to ET 3000TM Oscillating Handpiece. 
FiltekTM Supreme Ultra composite demonstrated overall significantly higher compressive strength 
vs. SonicFillTM composite (P< 0.001).  
Didem et al. found that SonicFill had the greatest flexural strength and compressive strength and 
greater filler loading, followed by Tetric EvoCeram and SDR, which presented the lowest strength 
values with minimum filler content. These results are in close agreement with those of the current 
study. The better mechanical properties of SonicFill are attributable to its working principle; a 
flowable universal composite is combined with a high filled resin, which contains special 
modifiers that react to the energy produced by the SonicFill system. When this energy is applied 
via the system’s hand-piece, a modifier causes a reduction in viscosity, thereby increasing the flow 
of the composite. The composite retains a more viscous non-slumping state when the application 
of SonicFill energy is stopped. 
Increased filler content has been shown to improve the hardness and compressive strength of resin 
based composites (99). 
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Like other resin based composites, bulk-fill resin based composites work well when used with 
proper instruments and techniques of condensation to achieve the maximum curing (87). 
 
The current study has some limitations: 
o We tested two composites of what commercially available materials. 
o We used only one curing light. 
o We used Vickers Hardness test as a measure of level of cure. 
  
The literature contains very little published data on bulk-fill resin based composites condensed 
with different condensation techniques. The results demonstrated in this in-vitro study should also 
be tested for other composite systems, to validate the use of such treatment methods in-vivo as 
well. 
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Chapter 5: Conclusions 
Within the parameters of this study, the following conclusions were drawn: 
 
1) Condensing the SonicFillTM composite with either the hand condenser or the SonicFillTM 
Handpiece produced significantly higher compressive strength than condensing it with the 
ET 3000TM Oscillating Handpiece (P< 0.001). 
2) Filtek Supreme Ultra composite demonstrated overall significantly higher compressive 
strength vs. SonicFillTM composite (P< 0.001). The SonicFillTM composite had 
significantly higher flexural strength than 3M FiltekTM Supreme Ultra composite (P<0.001). 
3) The condensing method had no significant effects on the flexural strength of both 
composites tested (P> 0.05). Hand condensing achieved mechanical properties that were 
not significantly different than the sonicating or oscillating techniques. 
4) The condensing method had significant effects on the microhardness of SonicFillTM 
composite (P= 0.0001), but had no significant effects on the microhardness of Filtek 
Supreme Ultra composite (P= 0.1111).  
5) Curing time had a significant effect on the microhardness of both tested composites: 
FiltekTM Supreme Ultra and SonicFillTM (P< 0.0001). 
6) The depth of specimen (distance to top surface) had significant effects on the 
microhardness of both tested composites: FiltekTM Supreme Ultra and SonicFillTM   
(P< 0.0001). 
7) There is slightly significant interaction between condensation method and curing time of 
SonicFillTM composite (P= 0.0424) but there is no significant interaction on the 
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microhardness between them on FiltekTM Supreme Ultra composite according to Wilks’ 
Lambda test (P= 0.6239). 
8) There is significant interaction on the microhardness between depth of cure and 
condensation method on SonicFillTM composite (P= 0.0056) but there is no interaction on 
the microhardness between them on FiltekTM Supreme Ultra composite according to Wilks’ 
Lambda test (P= 0.632).   
9) According to least square regression, post hoc Tukey tests, SonicFillTM composite had 
significantly higher percentage of cure at 6 mm than FiltekTM Supreme Ultra composite 
(P= 0.0007).   
10)  SonicFillTM Handpiece condensing method produced less percentage of cure compared to  
ET 3000TM Oscillating Handpiece (P= 0.061) but hand condensation method had no 
significant differenence of percentage of cure compared to other condensation methods (P= 
0.08, 0.54) for SonicFillTM and ET 3000TM respectively.  
11)  Curing time had significant effects on the percentage of cure (P< 0.0001). 
12)  In general, there is no significant difference in percentage of cure between (20 and 40) 
seconds of curing (P= 0.1035). 
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